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Description 



SYSTEM AND METHOD FOR REDUCING 
AUDITORY PERCEPTION OF NOISE 
ASSOCIATED WITH A MEDICAL 
IMAGING PROCESS 

Background of Invention 

[0001] The present invention relates generally to medical imaging 
devices, and more particularly, to a system and method 
using a parametric signal generator to reduce perceivable 
noise generated during operation of a medical imaging 
device. 

[0002] when a substance such as human tissue is subjected to a 
uniform magnetic field (polarizing field B q ), the individual 
magnetic moments of the spins in the tissue attempt to 
align with this polarizing field, but process about it in 
random order at their characteristic Larmor frequency. If 
the substance, or tissue, is subjected to a magnetic field 
(excitation field B ) which is in the x-y plane and which is 



near the Larmor frequency, the net aligned moment, or 
"longitudinal magnetization," M z , may be rotated, or 
"tipped," into the x-y plane to produce a net transverse 
magnetic moment IVL A signal is emitted by the excited 
spins after the excitation signal B i is terminated. This sig- 
nal may be received and processed to form an image by 
application of a combination of linear gradient fields (Bx, 
By and Bz) as produced by the gradient coils. These fields 
cause the individual spins in the human tissue to precess 
at different frequencies (Larmor relationship) and these 
differences can be used to encode the raw data to provide 
real images. 

[0003] As current is introduced to the gradient coils, such as to 
produce the Bx, By or Bz fields, an acoustic noise is cre- 
ated by Lorentz forces. This noise can be rather loud and 
might be described to those not skilled in the art as akin 
to beating of an empty drum with a hammer. While the 
production of noise in this manner does not directly affect 
the medical imaging process, the noise may be uncom- 
fortable or disconcerting to an imaging subject. Accord- 
ingly, "noise cancellation" devices have been developed in 
an attempt to reduce the imaging subject's perception of 
the noise and thereby present a more comfortable envi- 



ronment for the subject during the imaging process. How- 
ever, prior noise cancellation devices and methods have 
not met general acceptance for a number of reasons. 
[0004] For example, attempts to utilize conventional sound pro- 
duction devices such as loud speakers to produce acoustic 
noise canceling signals designed to reduce an imaging 
subject's perception of noise have been largely unsuc- 
cessful for various reasons. First, conventional loud 
speakers become ineffective when subjected to strong 
magnetic fields such as those produced by the imaging 
process. That is, the magnetic field generated during the 
imaging process interacts with the voice coils in the loud 
speaker and interferes with proper emission of the desired 
noise canceling signal from the loud speaker. Second, 
conventional loud speakers emit audible signals that can 
be difficult to control as the audio signal disperses pe- 
ripherally during propagation. As such, by removing the 
loud speakers from close proximity to the imaging device 
in an attempt to lessen the effects of the magnetic field 
produced by the imaging device, the audio may "bleed- 
through" to undesired areas and may actually create more 
unwanted noise. Therefore, while extending the distance 
between the loudspeaker system and the imaging device 



lowers the effects of the field, the extended distance 
causes the noise reducing signal to further dissipate and 
disperse into unwanted areas. 

[0005] Additionally, attempts have been made to construct noise 
reducing systems utilizing pneumatically driven or air 
driven signals, such as those found in commercial airline 
applications. These systems are advantageous because 
they can provide a highly directional signal to an area 
without the use of conductive materials that can be ad- 
versely affected by the magnetic field generated during 
imaging. However, pneumatically driven systems typically 
do not deliver signals accurately enough to sufficiently re- 
duce noise generated by the imaging process. Therefore, 
while a headset may be made of plastic, glass, or some 
other non-conductive material such that signal delivery is 
highly directed and is unimpaired by magnetic fields, the 
accuracy of the signal delivered is insufficient to serve as 
a suitable noise canceling means. 

[0006] Alternate audio producing systems such as piezoelectric 
speakers have also been found to be unsuitable for such 
noise canceling application due to inherent limitations at 
low frequency ranges. As such, though piezoelectric 
speakers are not impeded by the magnetic fields associ- 



ated with medical imaging, suitable noise cancellation 
fails at the necessary low frequencies generated by the 
Lorentz forces on the gradient coils. Therefore, the low 
frequencies produced as a byproduct of the imaging pro- 
cess are unaffected and remain perceivable by the imag- 
ing subject. 

[0007] | t would therefore be desirable to have a system and 

method capable of generating suitable noise cancellation 
signals to reduce the perceived noise associated with 
medical imaging processes such as MR imaging. Further- 
more, it would be advantageous to have a system and 
method capable of directionally controlling the emission 
of a noise cancellation signal to avoid unnecessary propa- 
gation of noise cancellation signals into undesired areas. 
Also, it would be desired that such a system and method 
be capable of generating the necessary noise reducing 
signal without substantial operational impairment by the 
magnetic field. 
Brief Description of Invention 

[0008] The present invention provides a system and method of 
reducing the perception of noise generated as a byprod- 
uct of a medical imaging process through acoustic noise 
cancellation. The inaudible signal is generated by a para- 



metric signal generator and is emitted and directed to a 
selected area wherein the perceivable noise within the 
area is significantly reduced. 
[0009] | n accordance with one aspect of the invention, a medical 
imaging scanner system is disclosed that is configured to 
scan an imaging subject within an imaging area that emits 
system noise when in operation. The medical imaging 
scanner system includes an emitter system constructed to 
emit an inaudible signal having properties to reduce per- 
ception of the system noise about at least a portion of the 
imaging area. 

[0010] | n accordance with another aspect of the invention, a 

method of medical imaging is disclosed that includes per- 
forming a medical imaging process upon an imaging sub- 
ject. This medical imaging process typically produces an 
undesirable noise byproduct. The method of medical 
imaging includes emitting an audible signal configured to 
diminish auditory perception of the noise byproduct. 

[001 1] in accordance with yet another aspect of the invention, an 
MRI apparatus including an MRI system is disclosed that 
includes a plurality of gradient coils positioned about a 
bore of polarizing magnet to impress a polarizing mag- 
netic field. The MRI system also includes an RF transceiver 



system and an RF switch controlled by a pulse module to 
transmit RF signal to an RF coil assembly to acquire MR 
images. The MRI apparatus further includes a parametric 
signal generator configured to generate ultrasonic signals 
to reduce perception of noise produced by the MRI system 
during operation. 
[0012] various other features, objects, and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0013] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0014] | n t he drawings: 

[0015] pig. 1 is a schematic block diagram of an MR imaging sys- 
tem for use with the present invention. 

[0016] pig. 2 is a block diagram of a directional noise perception 
reduction system for use with the MR imaging system of 
Fig. 1. 

[0017] Fig. 3 is a flow chart showing the steps of a noise percep- 
tion reduction technique in accordance with one embodi- 
ment of the present invention. 
Detailed Description 



[0018] a system and method is disclosed to reduce perception of 
noise produced as a byproduct of an imaging process us- 
ing a directional inaudible signal. An emitter is used to 
emit an inaudible signal that has properties designed to 
reduce noise produced by an imaging system about at 
least a portion of an imaging subject. 

[0019] Referring to Fig. 1, the major components of a preferred 
magnetic resonance imaging (MRI) system 10 incorporat- 
ing the present invention are shown. The operation of the 
system is controlled from an operator console 12 which 
includes a keyboard or other input device 13, a control 
panel 14, and a display screen 16. The console 12 com- 
municates through a link 18 with a separate computer 
system 20 that enables an operator to control the produc- 
tion and display of images on the display screen 16. The 
computer system 20 includes a number of modules which 
communicate with each other through a backplane 20a. 
These include an image processor module 22, a CPU 
module 24 and a memory module 26, known in the art as 
a frame buffer for storing image data arrays. The com- 
puter system 20 is linked to disk storage 28 and tape 
drive 30 for storage of image data and programs, and 
communicates with a separate system control 32 through 



a high speed serial link 34. The input device 13 can in- 
clude a mouse, joystick, keyboard, track ball, touch acti- 
vated screen, light wand, voice control, or any similar or 
equivalent input device, and may be used for interactive 
geometry prescription. 
[0020] The system control 32 includes a set of modules con- 
nected together by a backplane 32a. These include a CPU 
module 36 and a pulse generator module 38 which con- 
nects to the operator console 12 through a serial link 40. 
It is through link 40 that the system control 32 receives 
commands from the operator to indicate the scan se- 
quence that is to be performed. The pulse generator 
module 38 operates the system components to carry out 
the desired scan sequence and produces data which indi- 
cates the timing, strength and shape of the RF pulses pro- 
duced, and the timing and length of the data acquisition 
window. The pulse generator module 38 connects to a set 
of gradient amplifiers 42, to indicate the timing and shape 
of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient 
data from a physiological acquisition controller 44 that 
receives signals from a number of different sensors con- 
nected to the patient, such as ECG signals from electrodes 



attached to the patient. And finally, the pulse generator 
module 38 connects to a scan room interface circuit 46 
which receives signals from various sensors associated 
with the condition of the patient and the magnet system. 
It is also through the scan room interface circuit 46 that a 
patient positioning system 48 receives commands to 
move the patient to the desired position for the scan. 
[0021] The gradient waveforms produced by the pulse generator 
module 38 are applied to the gradient amplifier system 42 
having G , G , and G amplifiers. Each gradient amplifier 

x y z 

excites a corresponding physical gradient coil in a gradi- 
ent coil assembly generally designated 50 to produce the 
magnetic field gradients used for spatially encoding ac- 
quired signals. The gradient coil assembly 50 forms part 
of a magnet assembly 52 which includes a polarizing 
magnet 54 and a whole-body RF coil 56. A transceiver 
module 58 in the system control 32 produces pulses 
which are amplified by an RF amplifier 60 and coupled to 
the RF coil 56 by a transmit/receive switch 62. The result- 
ing signals emitted by the excited nuclei in the patient 
may be sensed by the same RF coil 56 and coupled 
through the transmit/receive switch 62 to a preamplifier 
64. The amplified MR signals are demodulated, filtered, 



and digitized in the receiver section of the transceiver 58. 
The transmit/receive switch 62 is controlled by a signal 
from the pulse generator module 38 to electrically con- 
nect the RF amplifier 60 to the coil 56 during the transmit 
mode and to connect the preamplifier 64 to the coil 56 
during the receive mode. The transmit/receive switch 62 
can also enable a separate RF coil (for example, a surface 
coil) to be used in either the transmit or receive mode. 
[0022] The MR signals picked up by the RF coil 56 are digitized 

by the transceiver module 58 and transferred to a memory 
module 66 in the system control 32. A scan is complete 
when an array of raw k-space data has been acquired in 
the memory module 66. This raw k-space data is rear- 
ranged into separate k-space data arrays for each image 
to be reconstructed, and each of these is input to an array 
processor 68 which operates to Fourier transform the data 
into an array of image data. This image data is conveyed 
through the serial link 34 to the computer system 20 
where it is stored in memory, such as disk storage 28. In 
response to commands received from the operator con- 
sole 12, this image data may be archived in long term 
storage, such as on the tape drive 30, or it may be further 
processed by the image processor 22 and conveyed to the 



operator console 12 and presented on the display 16. 

[0023] The MRI system 10 also has a noise detection device 70, 
signal generator 71, and emitter system 72. The noise de- 
tection device 70 is configured to monitor the MRI system 
10 during operation and detect certain noise associated 
with the operation. The noise detection device 70 sends 
feedback regarding detected noise to a signal generator 
71. The signal generator 71 reviews the feedback from the 
noise detector device 70 and determines the properties of 
a signal necessary to reduce auditory perception of the 
detected noise. The signal generator 71 generates a signal 
with properties to reduce perception of the system noise 
created as a byproduct of an imaging process. The signal 
generator 71 sends the generated signal to an emitter 
system 72 for processing and emission. 

[0024] The signal generator 71 and the emitter system 72 to- 
gether function as a paramagnetic signal generator. That 
is, as will be described in greater detail with respect to 
Fig. 2, the emitter system 72 receives the signal produced 
by the signal generator 71. Using this signal, the emitter 
system 72 creates an ultrasonic signal with a frequency 
preferably greater than approximately 2 kHz that when 
introduced to a non-linear medium, such as air, is con- 



verted from a set of ultrasonic frequencies to an audible 
signal designed to reduce auditory perception of the 
imaging system 10 noise. 

[0025] The emitter system 72 is designed to emit the inaudible 
signal as a column to produce anti-noise or noise cancel- 
ing signals that reduce the auditory noise perceived by an 
imaging subject 76. The inaudible signal 74 is designed to 
be demodulated by a non-linear medium. Therefore, when 
the inaudible signal 24 is emitted from the emitter system 
72, the signal is demodulated by an interaction with envi- 
ronmental air, which has non-linear properties. The de- 
modulation produces audible tones in a highly directional 
column that may be directed at the imaging subject 76 to 
at least partially cancel noise produced by the operation 
of MRI system 10. 

[0026] it is contemplated that the emitter system 72 and/or 

components thereof may be positioned within the mag- 
netic field generated by the coils 50 or may be positioned 
outside the field. In a preferred embodiment, the emitter 
system includes a HyperSonic®Sound (HSS®) emitter, as 
available in American Technology Corporation's R220A 
system, to generate the inaudible signal. The emitter is 
based on piezoelectric technology which is not subject to 



the low frequency limitations described earlier since it is 
used to create ultrasonic frequency signals. HyperSonic® 
Sound and HSS® are registered trademarks of American 
Technology Corporation, 12725 Stowe Drive Poway, Cali- 
fornia 92064. The HSS® emitter may be positioned re- 
moved from, but in proximity to, the coils 50 to emit the 
inaudible signal at the imaging subject 76. 

[0027] Figure 2 illustrates an embodiment of the noise detection 
device 70, signal generator 71, and emitter system 72 
that together deliver a highly directional inaudible signal 
designed to reduce perceivable noise generated during an 
imaging process. The emitter system 72, in accordance 
with a preferred embodiment, includes a signal processor 
78, a distortion control 80, a modulator 82, an amplifier 
84, and an emitter 86. 

[0028] | n response to feedback from the noise detection device 
70, indicating that noise is currently or is about to be 
generated as a byproduct of an imaging process, the sig- 
nal generator 71 generates a signal with properties 
specifically designed to reduce the noise detected by the 
noise detection device 70. The signal frequency generated 
is dependent upon the noise produced as a byproduct of 
an imaging process and the feedback received regarding 



such noise. 

[0029] it is contemplated that prior to any noise generation from 
the MR system, a look-up table may be utilized, whereby 
the characteristics of a selected imaging sequence are 
used to look up information from the look-up table re- 
garding noise characteristics of the selected imaging se- 
quence. The characteristics of the noise byproduct pro- 
duced are directly related to the pulse sequence used in 
specific imaging process and will vary substantially ac- 
cording to the scan selected. Therefore, the selected 
imaging process may be utilized to predict the noise char- 
acteristics that will be associated therewith and predic- 
tively determine the signal characteristics necessary to re- 
duce the perceivable noise produced as a byproduct of the 
selected imaging process. 

[0030] Additionally or alternatively, once the imaging process has 
begun and noise byproduct is being generated, the signal 
generator 71 analyzes the noise detected. By analyzing 
the noise detected by the noise detection system 70, the 
signal generator 71 dynamically determines the charac- 
teristics of a signal necessary to reduce perception of the 
noise byproduct. It is contemplated that the signal gener- 
ator 71 continue the analysis over the duration of the 



imaging process to dynamically adjust to changes in the 
noise byproduct to reduce auditory perception of the 
noise byproduct regardless of variations in the noise 
characteristics. 

[0031] once the signal generator 71 determines the necessary 
signal, the signal is passed to the emitter system 72. 
Upon reaching the emitter system 72, the signal is passed 
through a signal processor 78, distortion control 80, and 
a modulator 82 to form a composite inaudible or ultra- 
sonic waveform. Specifically, the signal processor 78 re- 
ceives the signal generated by the signal generator 71 and 
generates an ultrasonic frequency signal, which is modu- 
lated by the modulator 82 with a second signal that may 
or may not be ultrasonic to create a composite ultrasonic 
waveform. The composite ultrasonic waveform is provided 
to the amplifier 84 to generate an amplified composite ul- 
trasonic waveform that is passed to the emitter 86. The 
amplified composite ultrasonic waveform is output from 
emitter 86 as a highly directional inaudible signal column 
74. That is, the emitted inaudible signal 74 forms a virtual 
column directly in front of emitter 86. 

[0032] upon impinging a non-linear medium 88, such as atmo- 
spheric air, the inaudible signal 74 interacts with the air. 



The non-linearity of the air 88 demodulates the inaudible 
signal 74 generating canceling audible sounds 90. These 
audible sounds 90 are generated due to properties of the 
non-linear medium, i.e. air, though which the column of 
inaudible signal 74 passes. Specifically, the non-linear 
medium "down converts" the inaudible signal 74 to a 
lower audible frequency spectrum, thereby converting the 
inaudible signal column 74 to an audible signal column 
90. 

[0033] Therefore, in response to noise feedback, the signal gen- 
erator 71 generates a signal designed to reduce perceived 
noise produced as a byproduct of an imaging process. 
The signal passes through a signal processor 78, a distor- 
tion control 80, and a modulator 82 to produce a com- 
posite ultrasonic waveform. The composite ultrasonic 
waveform passes to an amplifier 84 before being passed 
from an emitter 86. As the emitted inaudible signal 74 
passes through a non-linear medium 88, such as air, the 
signal 74 is demodulated by an interaction with the non- 
linear medium 88 to produce audible tones 90 that are 
designed to at least reduce an imaging subject's percep- 
tion of noise produced as a byproduct of an imaging pro- 
cess. The ultrasonic signal 74 and ultimately the audible 



signal 90 travel as highly directional signals that may be 
controlled as a column to be directed toward an imaging 
subject and/or any other target without significant signal 
dispersion and associated bleed-through. 
[0034] Referring now to Fig. 3, a flowchart 100 is shown illustrat- 
ing the steps of a technique for reducing the noise per- 
ceived by an imaging subject during an imaging process. 
The technique starts 100 upon initiation or selection of a 
desired imaging process 104. Once the desired imaging 
process is selected 104, the noise generated as a byprod- 
uct of the imaging process is predicted and/or detected, 
as described with respect to Fig. 2. That is, as previously 
described, a look-up table may be utilized to predict the 
noise that will be produced by the imaging process and 
then the noise generated as a byproduct of the initiated 
imaging process may be continuously detected to dynam- 
ically generate a noise reducing signal during the imaging 
process 106. 

[0035] The noise prediction/detection 106 is used to determine 
the specific signal to generate so as to include properties 
selected to ultimately reduce the noise byproduct per- 
ceived by the imaging subject 108. The selected signal 
108 is then processed, as described with respect to Fig. 2, 



and emitted as an inaudible signal column 112. 

[0036] jo assure that changes in the noise byproduct do not de- 
viate from the predicted/detected noise 106, a check is 
made to determine whether the imaging process is com- 
plete 114. If the process is not yet complete 116, the sys- 
tem again determines the noise byproduct produced by 
the imaging process 106 to continually determine and ad- 
just the source signal in response to changes in the gen- 
erated system noise. As such, the system dynamically ad- 
justs to changes in the characteristics of the noise 
byproduct to assure that the noise perceived by the imag- 
ing subject is sufficiently reduced. On the other hand, 
once the imaging process is complete 116, the technique 
ends 120 and signal emissions cease. 

[0037] Therefore, the above-described system and method gen- 
erates a highly directionally controlled signal that is de- 
signed to reduce noise perceived by an imaging subject 
during an imaging process. The signals produced are dy- 
namically generated and emitted as an ultrasonic signal 
that, upon interaction with air, generates an audible signal 
that reduces noise perceived by an imaging subject across 
a varying spectrum of noise. Additionally, the above- 
described system is designed such that the signals gener- 



ated and the system for emitting the signals are unim- 
peded by strong magnetic fields that may be associated 
with the imaging process. It is contemplated that while 
the present invention is particularly applicable in an MR 
imaging system, the system performing the imaging pro- 
cess may also include an ultrasound imaging system, an 
x-ray imaging system, a computed tomography (CT) 
imaging system, an electron beam tomography system, a 
positron emission tomography system, a single photon 
emission computed tomography system, or any other 
imaging system that may benefit from noise reduction. 

[0038] Therefore, the present invention provides a system and 
method of reducing perceivable noise generated as a 
byproduct of a medical imaging process through acoustic 
noise cancellation. A parametric signal generator is used 
to generate an inaudible signal that has properties de- 
signed to reduce noise produced by an imaging system 
about at least a portion of an imaging subject. 

[0039] | n accordance with one embodiment of the invention, a 
medical imaging scanner system is configured to scan an 
imaging subject within an imaging area. The medical 
imaging scanner emits system noise when in operation. 
The medical imaging scanner system also includes an 



emitter system constructed to emit an inaudible signal 
having properties to reduce perception of the system 
noise about at least a portion of the imaging area. 

[0040] Another embodiment of the invention includes a method 
of medical imaging. The method includes performing a 
medical imaging process upon an imaging subject, 
wherein the medical imaging process produces a noise 
byproduct. The method of medical imaging includes emit- 
ting an audible signal configured to diminish auditory 
perception of the noise byproduct. 

[0041] | n a further embodiment of the invention, an MRI appara- 
tus includes an MRI system having a plurality of gradient 
coils positioned about a bore of polarizing magnet to im- 
press a polarizing magnetic field. The MRI system also has 
an RF transceiver system and an RF switch controlled by a 
pulse module to transmit RF signal to an RF coil assembly 
to acquire MR images. Also, the MRI apparatus includes a 
parametric signal generator configured to generate ultra- 
sonic signals to reduce perception of noise produced by 
the MRI system during operation. 

[0042] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 



expressly stated, are possible and within the scope of the 
appending claims. 



